Background: Radiotherapy in cholangiocrcinoma has to overcome organ tolerance of the upper abdomen. Hi-technology radiotherapy may improve conformity and reduce dose to those organ. Objective: Quantitatively compare the dosimetry of conformal dynamic arc radiotherapy (CD-arcRT) and intensity modulated radiotherapy (IMRT) in unresectable cholangiocarcinoma. Material and methods: Eleven cases of unresectable cholangiocarcinoma were re-planned with IMRT and CDarcRT at King Chulalongkhorn Memorial Hospital between 20 September 2004 and 31 December 2005. Both the planning techniques were evaluated using the dose volume histogram of the planning target volume and organ at risk. The conformation number and dose to critical normal structures were used to determine the techniques. Results: IMRT technique was significantly conformed to the planning target volume than CD-arcRT in term of conformation number. For critical structure, IMRT significantly reduced the radiation dose to liver in terms of mean liver dose, V30Gy and V20Gy of the right kidney. Conclusion: The advantage of IMRT was more conformity and reduced dose to critical structure compared with CD-arcRT, but there was no difference between these techniques in terms of V20Gy of left kidney and maximum dose to the spinal cord.
Cholangiocarcinoma is a major problem of cancer treatment in Thailand. Especially, Khon Kaen in the northeastern region of Thailand shows the highest incidence of cholangiocarcinoma in the world [1] .
Clinical features of cholangiocarcinoma depend on anatomical location of tumors, intrahepatic, or extrahepatic lesions. Most patients present with obstructive jaundice. Radical surgery with histologically negative resection margins is the only treatment to cure the patient [2] . When the tumor is surgically unresectable, the prognosis is very poor with median survival only 8-11 months [3] .
Chemoradiation is recommended for unresectable cases. The conventional radiation technique, three or four field technique, is usually employed with tumor dose around 45-50 Gy in five-six weeks. The limitation of conventional radiotherapy technique is a low tolerance of organ in upper abdomen [4] .
Nowadays, there are many advanced and sophisticated radiation treatment techniques, such as three-dimensional radiotherapy, conformal dynamic arc radiotherapy (CD-arcRT), and intensity modulated radiotherapy (IMRT). An advantage of these techniques is increases in radiation dose to tumors and a dose reduction to critical structures.
The conformal radiotherapy technique reported by Aoki et al. [5] is as application of the axial tomography for radiation therapy. This technique was advanced into the dynamic arc conformal therapy. In CD-arcRT, multileaf collimator with gantry angle is dynamically moved around patients to produce multiple conformal radiation fields. Consequently, it reduces dose to normal tissue while integrated higher dose throughout the tumor volume at the same time. This technique achieves steep dose gradient between target volume and the surrounding normal tissue. Treatment time and monitor unit of CD-arcRT are not different from convention rotation radiation techniques, and CD-arcRT has an advantage over IMRT in term of treatment time each day.
In general, IMRT derives a set of intensitymodulated beams by optimizing a pre-defined objective function. An intensity-modulated beam is usually delivered using computer-controlled multileaf collimators, by forming a window that sweeps across the radiation field. The incident beam is divided into multiple of beamlets where intensity varies from 0-100% independent of all beams. Dose distributions are determined by the weights of the beamlets and other beam parameters such as beam orientations, couch indices, and collimator angles. Inverse planning process of IMRT is an appropriate technique for irregular shaped tumors, especially the concaved one. IMRT usually takes 20-30 minutes treatment for each conventional fraction.
These modern techniques are capable of increasing radiation dose to tumors located near normal structures with low radiation tolerance. Recently, Cheng et al. [6] reported that IMRT could significantly improve mean tumor dose, reducing dose to spinal cord compared with three-dimensional conformal radiotherapy in hepatoma. Milano et al. [7] compared IMRT with conventional RT in pancreatic and bile duct malignancy, and showed that IMRT reduced the mean dose to liver, stomach, and small bowel.
There are several reports on dosimetry of CDarcRT [5, 8] , but their results in cholangiocarcinoma has not been reported yet. In this study, we quantitatively compared dosimetry of CD-arcRT and IMRT in unresectable cholangiocarcinoma. This comparative study would provide us useful information for selecting appropriate radiation technique for our patients.
Materials and methods
This study was approved by Ethics Committee of the Faculty of Medicine, Chulalongkorn University. The unresectable cholangiocarcinoma patients who underwent CT simulation at King Chulalongkhorn Memorial Hospital, Bangkok between September 20, 2004 and December 12, 2005 were included into the study. The patients were in supine position with the hands raised overhead. The slice of CT image was 5 mm thickness in the entire areas of liver and left and right kidneys. The images were used for tumor and normal structure delineation and re-planned for both CD-arcRT and IMRT.
The flowchart of research methodology is shown in Fig. 1 .
Target volume definitions
Gross tumor volume (GTV) was delineated slice by slice on contrast enhancement CT images, which were registered with the non contrast CT images. If there was non-contrast enhancement study on CT simulation, the gross tumor volume would be delineated by comparison with previous diagnostic CT or magnetic resonance imaging. Clinical target volume (CTV) is defined as GTV plus one cm margin in all direction. Planning target volume (PTV) is defined as CTV plus 0.5 cm margin in anterior-posterior, right -left lateral and 1.5 cm in the cranial-caudal axis.
Spinal cord volume was delineated to include whole spinal canal. Liver contour included visualized liver, porta hepatis but excluding gross tumor volume and gall bladder. The left and right kidneys contour was also delineated.
Machine and treatment planning
Both IMRT and CD-arcRT techniques were applied to each patient by Eclipse Planning System Version 6 (Varian Medical system, Palo Alto, USA).
The treatment machine was Varian Clinac 23 EX, leaf width of 5 mm for 20x20 cm 2 inner field and 10 mm for the rest of the field. Both techniques utilized 6MV photon. The dose of 50 Gy in 25 fractions were prescribed to the planning target volume. To minimize the bias from performing treatment planning, IMRT and CD-arcRT plans were randomized to two physicists.
For CD-arcRT planning, the dynamic multileaf collimator was calculated every two degrees of gantry angle, started at 181 degree clockwise to 180 degree with 6MV photon beams. For IMRT planning, fivefields (0, 72, 144, 216, and 288 degree gantry angle) of six MV photon beams with dMLC were employed. The dose specification and dose volume constraint for IMRT planning were shown in Table1.
After planning for each case, the isodose was normalized to 95% of the planning target volume and the 100% isodose line was selected for the prescribed dose. The dose distributions of PTV, dose-volume histograms (DVH) of the PTV and organ at risk (OARs) were evaluated.
Comparison of IMRT to CD-arcRT plan
To compare the result of IMRT and CD-arc RT plan, we evaluated conformation number (CN) of the target volume and dose volume histogram (DVH) of normal structures including liver, kidneys, and spinal cord.
Conformation number was used to evaluate the conformity of the dose to target volume and normal tissue. Target volume was determined in term of conformity index (TV RI /TV) and healthy tissue was also determined in term of healthy tissue conformity index (TV RI /V R ), where TV RI is target volume cover by reference dose, TV is target volume, and V RI is volume of reference dose. The conformation number (CN) is derived using the Van't Riet equation [9] as follows:
Concerning organ at risk, liver doses were determined in terms of mean dose and the percentage of the liver volume that received dose at 30 Gy (V30Gy). The percentage of the kidneys volume which received the radiation dose at 20Gy in each kidney was also studied. Maximum radiation dose of spinal cord, at least one cm 3 of spinal cord volume received that dose, was also determined.
Statistical analysis
Paired t-test was employed to determine the difference of two techniques.
Results
Out of 40 cases of cholangiocarcinoma patients referred for radiation treatment at Division of Therapeutic Radiology and Oncology, King Chulalongkhorn Memorial Hospital, only 14 cases were unresectable cholangiocarcinoma. Three cases were excluded from this study because the tumor and normal tissue could not be clearly delineated due to CT artifact. Eleven cases were included into the analysis. Patient characteristics, tumor, and normal liver volume are shown in Table 2 .
Most patients were male with hilar type cholangiocarcinoma. Two cases in this study were simulated using 4-D CT simulation. We subsequently used maximum intensity projection (MIP) images for delineation and calculation. The example of isodose distribution and DVHs comparison were shown in Fig. 2 and 3 , respectively.
Dose-volume analysis
Conformation of planning target volume. The average planning target volume doses were 49.99 Gy for both IMRT and CD-arcRT. The average of maximum dose and minimum dose for IMRT and CDarcRT were shown in Table 3 . The average maximum and average minimum dose for CD-arcRT were higher than IMRT with p-value of 0.004 and 0.002, respectively. Regarding conformation number, the average CN of IMRT and CD-arcRT were 0.93 (range: 0.95 to 0.90, SD: 0.02) and 0.76 (range: 0.83 to 0.68, SD: 0.05), respectively. Diagram of CN of IMRT and CD-arc RT of eleven patients was illustrated in Fig. 4 .
Dose to organ at risk. The mean dose to normal liver was 24.2 Gy for IMRT and 26.7 Gy for CD-arc RT, p 0.001. The mean normal liver doses were more than 30Gy in four cases of CD-arcRT. Those were 31.66Gy, 32.81Gy, 31.02Gy, and 31.03Gy, which were not found in IMRT. The mean volumes of liver receiving radiation in IMRT were significantly lower than those in CD-arcRT in terms of V30Gy (see Table 3 ). The maximum doses of spinal cord were 27.9Gy and 25.9Gy for IMRT and CD-arcRT respectively. There was no significant difference between the two techniques.
Discussion
We reported comparison of two techniques of radiation therapy (IMRT and CD-arcRT) in unresectable cholangiocarcinoma. By normalizing 95% of the planning target volume in the treatment planning, the 100% isodose line was selected for the prescribed dose. The target volume conformity index of IMRT and CD-arcRT had no statistically significant difference. However, the significant difference in conformation number was contributed from the difference of healthy tissue conformity index of these two techniques. The healthy tissue conformity indices of CD-arcRT were lower than those of IMRT. These were explained from the physical properties of treatment planning. Although the CD-arcRT achieves steep dose gradient between target volume and the surrounding normal tissue, the isodose distribution is usually spherical-shaped this is not suitable for irregular parts of PTV, as shown in Fig. 2 . Therefore, in irregular lesions, it is likely that IMRT produces better conformation to both target volume and healthy normal tissue. In addition, CD-arcRT is fast-to-plan, fast-totreat and utilize lower monitor unit comparing to IMRT. At present, a new and advanced technology, volumetric modulated arc therapy, is being introduced to diminish some weaknesses of IMRT. This radiation technique combines the benefit of IMRT and CDarcRT. The treatment time is fast and conformation as IMRT techniques. The results of volumetric modulated arc therapy have been reported in prostate and lung cancer [10, 11] . The volumetric modulated arc therapy appears interesting in unresectable cholangiocarcinoma.
In this study, parameters to determine liver doses were used from Kim et al. [12] who studied radiationinduced liver disease [12] . Comparing to CD-arcRT, IMRT significantly reduced dose to livers in terms of mean liver dose, V25Gy, V30Gy, V35Gy, and V40Gy, the dose and volume of organs at risk, compared with other studies of upper abdomen ( Table 4) . Our study demonstrated comparable result with other studies.
Comparing to IMRT and 3-D CRT in hepatocellular carcinoma by Cheng et al [6] , the mean liver doses were 28.15Gy for IMRT and 24.06Gy for 3D-CRT [6] . However, the mean liver doses in our study were higher than those from the study by Milano et al. [7] regarding dose distribution in pancreatic and bile duct cancer. This is because of the location of PTV of pancreatic cancer is outside normal liver and more posterior. Considering V30Gy of liver, the results showed no difference to other reports. Most bilateral kidneys were spared in most studies treating upper abdomen, but in the study regarding dose distribution of gastric cancer, some parts of the left kidney was included in the target volume [13] . For this reason, the dose to the left kidney might be higher than that in other studies. By evaluating dose to the kidney using V20Gy, we found that the right kidney dose was higher than left kidney. The kidney doses from CD-arcRT were significantly higher than doses from IMRT, 37% vs. 20% in the right kidney (p=0.015). The V20Gy of the left kidney was slightly higher in CD-arcRT, 4.3% compared with 0.3% in IMRT.
Since the spinal cord is a serial organ, we evaluated its dose using by the maximum dose to cover 1 cm 3 volume of the spinal cord. The average maximum dose of spinal cord was less than organ tolerance in both techniques.
Conclusion
IMRT and CD-arcRT techniques provided satisfactory isodose distribution in unresectable cholangiocarcinoma. IMRT provided better conformation number and reduced dose to the liver and right kidneys compared with CD-arcRT. Both techniques can preserve the left kidney. The maximum doses of the spinal cord were not different.
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